Effective risk assessment and risk management approaches in public drinking water systems can benefit from a systematic process for hazards identification and effective management control based on the Water Safety Plan (WSP) concept. Good results from WSP development and implementation in a small number of Portuguese water utilities have shown that a more ambitious nationwide strategic approach to disseminate this methodology is needed. However, the establishment of strategic frameworks for systematic and organic scaling-up of WSP implementation at a national level requires major constraints to be overcome: lack of legislation and policies and the need for appropriate monitoring tools. This study presents a framework to inform future policy making by understanding the key constraints and needs related to institutional, organizational and research issues for WSP development and implementation in Portugal. This methodological contribution for WSP implementation can be replicated at a global scale. National health authorities and the Regulator may promote changes in legislation and policies. Independent global monitoring and benchmarking are adequate tools for measuring the progress over time and for comparing the performance of water utilities. Water utilities selfassessment must include performance improvement, operational monitoring and verification.
INTRODUCTION
Based on estimates for 2006 (WHO/UNICEF 2008), 87% of the world's population uses drinking water from improved sources: 54% with piped household water connection located inside the user's dwelling, plot or yard; and 33% using other improved drinking water sources (public taps or standpipes, tube wells or boreholes, protected dug wells, protected springs and rainwater collection). This translates into 5.7 billion people worldwide who are now using drinking water from an improved source, an increase of 1.6 billion since 1990. About 3.6 billion people use a piped connection that provides running water in or near their homes. Table 1 shows the global distribution of improved drinking water sources coverage. The population using unimproved drinking water sources (unprotected dug well, unprotected spring, cart with small tank/drum, tanker truck and surface water) is below one billion (currently 884 million). This means that real progress is being made worldwide in regards to meeting the Millennium Development Goals drinking water target (MDG 2000) .
Current trends suggest that more than 90% of the global population will use improved drinking water sources by 2015.
With this increase in the proportion of the global population having access to drinking water via piped supplies, additional challenges in risk assessment and risk management methodologies for water quality control will arise. Many of these water supply systems regularly or sporadically do not meet the required drinking water standards (quality, quantity, pressure, continuity of supply), consequently supplying unsafe drinking water.
Providing good and safe drinking water is of paramount importance for public health protection, and must be the primary objective of public water supply systems. In the late nineteenth century, many countries in Europe and America started with new approaches of drinking water quality control, especially in highly populated urban public systems, relying mainly on disinfection by chlorine for pathogen microorganisms inactivation. The quality of drinking water produced and distributed is being monitored by so-called endproduct testing, which consists of spot-sampling of the water on a weekly, monthly or yearly basis, where the frequency depends on the amount of water produced.
Several shortcomings and limitations of the end-product testing methodology have been identified: (i) results of spot sampling become available once the water has already been delivered and often already been consumed; (ii) there is a multitude of waterborne pathogens that cannot be detected or they can be detected insecurely with the classical indicators (E. coli, coliforms, Clostridium perfringens), particularly viruses and protozoa; (iii) the water quality between two sampling exercises can deteriorate considerably but might go unnoticed for a long time; especially where in small supplies the sampling frequency is low due to manpower constraints; (iv) end-product testing can hardly be considered a sound method for representative water quality status: a very small fraction of the total volume of water produced and delivered is subject to microbiological and chemical analysis.
Recognizing these limitations, there is a strong tendency to move away from management based on end-product testing alone towards a risk assessment and risk management approach for drinking water quality control. Following this objective, the World Health Organization Guidelines for Drinking-Water Quality (WHO 2004) propose the new concept of Water Safety Plan (WSP) for hazards identification and effective management procedures for their control, comprising all steps in water protection, from catchments to consumer's tap (Bartram et al. 2001) . In addition to this operational quality control, a final verification by independent audits is required. Based on the same concept, the International Water Association launched a corresponding framework, the 'Bonn Charter for Safe Drinking Water', which has the goal of ensuring 'good safe drinking water that has the trust of the consumers ' (IWA 2004) . This framework provides water suppliers and public health and regulatory authorities with the institutional, managerial and operational mechanisms for the effective provision of safe drinking water.
The concept of WSP is broadly and relatively well understood as a powerful risk assessment and risk management tool for drinking water quality control (NHMRC 2004; Widespread WSP application through the scaling-up of these success stories is a difficult task due to a number of factors related to different methodological approaches from agencies and utilities and lack of political commitment amongst others. Although support agencies urge water suppliers to gain experience through pilot projects on WSP and to share this expertise, lack of legislation and policies and the need for appropriate monitoring tools constitute serious constraints for this scaling-up. Those difficulties and the feedback from current global experience in developing and implementing WSP point towards the need for a more structured approach to establishing strategic frameworks for a systematic and organic scaling-up of WSP on a national or regional basis. This will provide a sound basis for governments, utilities and water professionals in planning and implementing activities with long-term impact on improving water supplies and health.
The aim of this study is to establish a comprehensive methodology to inform future policy making by understanding the key constraints and needs in relation to institutional, organizational and research issues that can be crucial for a strategic approach for WSP implementation on a national basis. The Portuguese case study presented in this work illustrates how the proposed framework provides a methodological contribution for WSP implementation which can be replicated at a wider global scale.
METHODS Progresses on WSP implementation in Portugal
Since 2003 Table 2 shows the present situation of WSP implementation in AdP group (Vieira et al. 2008 ).
In addition, research work has been done in order to make available practical approaches for implementing this concept in Portugal through the publication of a WSP manual and supporting documentation for training courses (Vieira & Morais 2005) . water treatment processes applied; and human, technical and organizational resources available at the water supplier.
These planning and implementation activities will create the necessary conditions for momentum in WSP dissemination.
The challenge now is to provide consistent and coherent support to promoting a national framework with this objective.
Water supplies in Portugal
In most countries drinking water is supplied by small and medium-sized water suppliers. A vast majority of the water supplies in Europe are small (serving fewer than 5000 persons) to very small (serving fewer than 50 persons).
Monitoring and controlling the water quality of these small systems is a major issue throughout Europe and WSP implementation can be seen as a promising way forward for the whole drinking water production and distribution process as Monitoring of WSP implementation and benchmarking are adequate tools for the surveillance process, and must be done by independent auditing at both levels: national and water utility.
RESULTS AND DISCUSSION
The framework proposed in this study provides a national strategic approach for implementing WSP in Portugal. Replication of this framework in other countries requires flexibility to be adopted, taking into consideration the conditions and constraints related to that specific country national drinking water supply situation.
Procedures at water utility level
At first, the WSP concept must be adopted and implemented by water utilities. This process implies their commitment to follow the WSP step-by-step standard procedure in drinking water supply system surveillance in order to meet the health- Global monitoring. A working plan to assess the progress in WSP development and implementation and global drinking water quality monitoring must be established. This plan will act as a mechanism to facilitate the measurement of progress over time, giving an overall picture at a national
scale. An on-line web-based platform will keep stakeholders informed about achievements and difficulties.
Global benchmarking. The use of specific tools for water utilities self-assessment and for overall WSP implementation process, e.g. performance indicators, are seen as adequate and powerful means that will support all water suppliers in WSP development and implementation strategies. These tools should identify the gaps in a specific WSP and should provide feedback to each water utility in order for it to be possible to learn from others, comparing performance and facilitating continuous improvement.
Independent auditing. WSP auditing should be independent and put in place by ERSAR. Audits are needed at a water utility level (independent surveillance to assist utilities in identifying weaknesses and strengths to continuously improve the WSP) and at a national level (global monitoring and global benchmarking, allowing a national broader picture). ERSAR has to decide the best practices in establishing:
(i) frequency of the audits; (ii) organization of the audits; and (iii) reporting on audits. 
Global framework
The main issues of the strategic approach for WSP implementation in Portugal have been described in the preceding paragraphs. A diagrammatic modular scheme representation for the global framework is depicted in Figure 3 .
Operational programme
Challenges of WSP implementation on a nationwide scale recommend that core components of the strategic plan should be prioritized, taking into consideration a variety of institutional, technical and economic circumstances. An overall 6-7-year period is considered to be the necessary time to set up this target even though due to obvious external constraints the rate of progress is hard to anticipate. Therefore, key stakeholders must be included from the very beginning of the process in order to guarantee a smooth applicability. Figure 4 provides an overview of a three-phased process for an operational programme. Initial tasks to be worked out in Phase 1 include: (i) the establishment of the strategic national framework; (ii) launching WSP pilot projects prior to scaling-up at a national level; and (iii) the development of tools for self-assessment, monitoring, benchmarking and auditing, as well as the organization of events for WSP knowledge dissemination (a national forum and training courses). Phase 2 implies the follow-up of initiated activities with special focus on monitoring WSP implementation at the national level. In Phase 3, global achievements supported by and drinking water suppliers must get involved from the very beginning of the process; (iv) the work of research institutions is fundamental in both setting research and education programmes and resources dissemination.
A strategic approach for WSP implementation at a national scale will enable legislators and policy makers to better apply a step-by-step phased process for effective risk assessment and risk management in water supply systems, and what this implies for the achievement of sound mechanisms in protecting public health.
